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*wide variety of users. Included in this discussion is a
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bringing in the area of productivity.

Implications for the future are lastly discussed in light of
these recent trends, and estimates are made regarding the
types and frequency of likely future applications.
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Absact:

Expert Systems are computer programs that draw upon a human
generated knowledge base and problem solving strategy to allow
non-experts to act like experts. While that definition may not be
widely accepted, the technology behind it is becoming widely ac-
cepted.

Not many years ago, Expert Systems were almost exclusively
developed on specialized expensive machines by specialists called
knowledge engineers. These carly applications were typically ex-
pensive, not particularly user friendly, and often designed to
demonstrate what the technology might do rather than to cost effec-
tively solve a problem.

Today, however, it appears that highly useful Expert Systems are
being developed in relatively large numbers on inexpensive Personal
Computers (PC’s) by scientific, engineering, and technical personnel
who do not have specialized Expert Systems training. What has
brought about this dramatic change in direction?

This paper describes the changes in hardware and software tools
that have aided and permitted this most beneficial change and their
acceptance by a]wide variety of users. Included in this discussion is
a description of the changes that have also taken place in the kinds
of applications being pursued and the results they are bringing in the
area of productivity.

Implications for the future are lastly discussed in light of these
recent ends, and estimates are made regarding the types and fre-
quency of likely future applications.

L0. THE EXPERT SYSTEM REVOLUTION

From the carliest days of electronic computation, people have
sought ways to give computers human-like intelligence. It seemed
intuitively obvious thata machine that could calculate and/or perform
logical operations at such lightning specds would be an extremely
valuable tool in problem solving and the controt of complex proces-
ses. To some, computers have seemed the perfect extension of human
capabilities. Computers don’t forget, they can process and compare
many more items than humans, they calculate thousands of times
faster, and they work on tirelessly. With such wonderful attributes,
computers were sure to be the “genie in a bottle” for which we were
scaiching. All that seemed necessary to receive this marvellous gift
was to teach computers how to think and reason like people.

Unfortunately, people, even those viewed by others as not very
smart, have ways of accessing, processing, and utilizing information
(note I did not say data) that appear natural, comfortable, and ex-
tremely difTicult to figure out. It seems that in our quest for under-
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standing and control of the world in which we live, that we understand
ourselves least. Early efforts at creating intelligent computers
centered around decision making, specifically logical decision
making. Was something too hot (or cold), too fast (or slow), should
it be on or off, or any one of a thousand different yes or no type
decisions. This is low level intelligence of a sort, but itwas soon
realized that the computer was merely parroting a decision tree that
first had to be structured in its entirety and completeness by a human
being! Such experiences lead to attempts to define intelligent be-
havior; resulting in more or less general agreement that intelligent

.behavior results when, in the course of interacting with the unit
through some communications channel, one cannot tell if there is a
human or machine on the other end.

The quest has recently been to develop techniques which, in the
final result at least, mimic the reasoning and decision making proces-
ses of humans when dealing with information. It was at first thought
that totally new computer languages where required to deal with
qualitative (non-numeric) items; and in some cases LISP or
PROLOGUE is extremely beneficial. But, in the majority of cases
much more popular languages will serve just as well or better if
thoughtfully applied. In fact, the computer language of choice is
rapidly becoming "C"; not because it is a good Expert System'’s
language, but because it guarantees portability to a wide variety of
computer platforms.

Early attempts at building information processing expert systems
utilized special languages (usually LISP) and, often, specialized
computer hardware. These carly attempts were typically expensive,
not particularly user friendly, and often more interested in
demonstrating what the new technology might do rather than to cost
cffectively solve a real world problem. Most of these carly efforts
are unknown and all but forgotten by their creators. They did,
however, provide a foundation upon which the present and rather
successful expert systems technology could be constructed. Perhaps
what these early efforts did more than anything else was 10 begin t0
give us a better appreciation of how effective we humans are at
reasoning and idea processing. )

One aspect of Expert Systems that probably wasn’t recognized
initially is their use by an individual as opposed to a group. Expernt
Systems usually aid a person in analyzing a situadion and reaching a
conclusion. As such this aid must be readily accessible by an
individuai(s). The development of relatively high performance, low
cost, personal computers (PCs) has, as much as any other advance.
enabled the application of Expert Systems techniques on an in-
dividual basis. As long as Expernt Systems were resident on
mainframe or special purpose computers, access was effectively
limited to those few who possessed special knowledge and/or special
access. While Expert Systems can function in this environment, the
types and variety of problems are much more limited than what can
be accomplished in a PC situation.

'49.

1
<> : Proceedings - 1990 Southeastcon
1
282




-

R S

(oA
+

Kt AT -

R

WP

A HN

Over the last few years, Expert Systems concepts and techniques
have proven their value in providing affordable solutions to problems
dealing with information processing. We have seen a significant
change in viewpoint regarding their utilization. Not many years ago,
Expert Systems were almost exclusively developed on specialized
expensive machines by specialists called knowledge engincers.
Today, highly useful Expert Systems are being developed in relative-
ly large numbers on inexpensive PCs by scientific, engineering, and
technical personnel who do not have specialized Expert Systems or
computer training. What has been responsible for this dramatic
change? 1 think there are 3 major forces at work.

First, as we leamed more about how to simulate human reasoning
processes certain patterns emerged which gave indication that
problems could be grouped into classes. Further, each class of
problems could be solved by an Expert System having the appropriate
inference engine and applicable knowledge base. Remember that the
inference engine is nothing more than the procedure by which
knowledge 1n the knowledge base is applied to the information at
hand to solve the particular problem under consideration. With the
appropriate inference engine, a whole class of problems could be
solved by just altering the knowledge base to match the specific
problem under consideration. This generalized problem solving
ability using Expert Systems techniques has permitted the develop-
ment of "shells” which can be purchased to run on PCs and provide
users a framework within which problems can be solved expertly. In
those problem areas where large numbers of potential users exist,
very capable, user friendly shells can and have been created.

Second, the shells and the development tools which surround them
have matured significantly in terms of usability. These Expert Sys-
tems development tools are typically menu driven (read and follow
the instructions), can often extract “rules” from examples only, do
syntax and semantic checking, perform debugging, and provide
facilities for easily constructing explanations. These tools have for
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the most pant climinated the need for a specialized knowledge en-
gineer who manually constructs a knowledge base and its [F-THEN
rules or frames through interviews with subject matier experts; and
then builds an inference engine 1o effectively apply this knowledge
10 achieve problem solution.

Third, the amazing evolution of relatively high performance PCs
at very affordable prices has provided Expert Sysiems work platforms
which are poriable, capable, reliable, and very cost-effective.
Without this development, Expert Systems techniques would likely
still be limited 1o large fixed computer installations, operated by
specially trained personnel.

The combination, then, of an inexpensive personal computer,
inexpensive Expert System shell/development system, and a human
with fundamental knowledge of how a particular problem, belonging
to a class of problems, should be solved provides all the key in-
gredients for creating an Expert Systems solution. If the problem
requires expertise of limited or costly availability that is needed fairly
often, its solution will probably also be more than worth the time and
effort to provide it.

4. B R T

So, just what is possible with today’s techniques and technology?
Table 1 gives a breakdown of the range in capabilities and typical
cost of Expert Systems development tools available today. This
Table is but a small sampling of what is available in the market place
and has been constructed to give an idea of the spectrum of available
products. While the present market place certainly provides a wide
variety of potential solutions, one is also faced with an almost
bewildering choice of products. What procedure can be used to sort
through this maze of technology?

In the work we do in applying Expert Systems techniques, our
goal is to find an acceptable solution as quickly as possible. An
acceptable solution is one which meets the stated requirements for
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Table 1. Typical range of expert systems development tools
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accuracy, completeness. and speed of response: it rarely needs 1o be
the optimum solution. Since time costs money, we also seek to
minimize the time spent in finding an acceptable sohmion. Our
approach to tool selection, assuming we don’t already have atool that
will provide a solution, is to quickly determine which of the choices

_ might have the features we need at reasonable cost. We look for proof
that the 100l has been applied to our class of problem with good
success: that the tool is complete and probably relatively casy to use;
that the ol readily supports interfaces to programs written in other
languages: and that compiled run-time programs will probably fiton
the target computer.

It is not always easy to determine accurate answers to all these
considerations; but you will typically find that the range of choices
quickly narrows to a few possibilities. Clearly, in todays computer
tools market the programming language "C" is the language of choice
because of portability and the run-time size of compiled versions.

There are, of course, the major investment tools which cost
$25,000 10 $65.000. These tools are very comprehensive and typi-
cally come with a lot of technical support from the supplier. They
also typically require a large time investment in mastering their
spectrum of functions and capabilities. In our experience, they are
most useful in situations where large and complex Expert Systems
are being developed by specialists and/or where a large number of
medium to large systems are being continuously developed. In such
development environments (large size/large numbers) the significant
cost of these expensive tools can be amortized over many delivered
systems.

Table 2 summarizes the manpower time, target computer technol-
ogy. and toot costs needed for the range of Expert Systems that are
being devéloped today. The range of Expert Systems is categorized
by the size of the rule, object, or frame set. While computer execution
speeds have increased dramatically over the last four years, it is still

h

wise to keep the total number of "rules” under a couple of thousand.
Expert Systems very much larger than 2000 rules often run very slow
and can be difficult to validate because of the large number of “what
ifs” that must be considered. If faced with a large system, look hard
at breaking it up into a number of smaller systems perhaps hierarchi-
cally related.

50 POSSIBILITIES FOR TOMORROW

As further experience is gained in the application of Expert
Systems techniques to problem solving, we should see still greater
refinement in features and usability of development tools. Tools will
likely become more optimized for each class of problem and we
should see marketing efforts which emphasize this optimization. The
refined tools will also help users better define problem boundaries
and reduce catastrophic or so-called hard failures when problem
knowledge goes just beyond those boundaries.

Will we soon see Expert Systems that leam from experience? |
seriously doubt it. While much work is ongoing in evolutionary
programming and neural nets, we still don’t have much knowiedge
regarding how humans actually learn from experience. We are not
very surc how we separate the pieces of the experience and categorize
and interrelate them much less provide for selective recall for later
infusion into similar but new situations. Neural nets are much the
rage these days because they seem to permit limited “learning from
experience” for certain problem classes. I suspect that while they are
good for recognizing shapes and structure and patterns, we will find
that where intellectual inferences are required that they will fail to
provide the necessary intelligent usefulness until we grow to under-
stand our own problem solving capabilities much better.
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Small 1BM-PC, XT $500

Systems 3-6 1-2 25-75 . to
ys . DOS 2.0 up $2,500
Medium IBM-PC.AT $1.500

Systems 12-24 2-3 150 - 500 t0
ys DOS 2.0 up $6.500
Large I1BM-PC-AT $4.000
Systems 24 - 48 3-8 1K - 2K of MicroVAX s2 st?ooo

Sun, Apoilo

Very Large ' WomsAt‘;?i,ons $8.000

Systems €0 & up 5-8 3K & up VAX minis 10
$65,000

Table 2. Summary of development efforts and cost for expert systems.
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